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(54) Method and apparatus for waste water treatment after polishing semiconductor wafers 



(57) The present invention includes use of an elec- 
trolytically assisted coagulation step (8) in the separa- 
tion of fine particles of abrasive materials in suspension 
from spent slurry from a process (1) of polishing semi- 
conductor substrates, e g CMP The coagulation step 
(8) may be optionally followed by flocculatton It has 
been determined experimentally that the method in 
accoidance with the invention separates solids includ- 
ing metals in suspension from the slurry with a very high 



efficiency Further, large flows of spent slurry may be 
treated at high speeds If large amounts of slurry have 
to be treated, separation of the solids may be performed 
by gravimetric separation (22). centnfugmg or conven- 
tional chamber filters A continuous process can be 
achieved as a double-batch or multi -batch process 
using two or more reactor cells in parallel Apparatus 
(33) for carrying out the invention is also described 
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Description 

Rark qround of the invention 

The present invention relates to a method and apparatus for treatment of waste water after polishing or plananz.ng 
' ceram,c or glass-Hke ma«er,als. ,n particular semiconduclor wafers in the manufacture 

,con or germanium arsen,de wafers or similar. In particular the present invention relates to a method and an apparatus 
for the treatment of waste slurries from Chemical Mechanical Polishing (CMP) ■.•„„» a 

Tn he ^ration of ceramic and glass surfaces ,t is known to use abrasive and polishing slurries consisting of a 
,o fine ablasive materia, and a „qu,d such as water or alKalme ammonium hydroxide f^^Z^O^. 
oarticles of tungsten carbide, silica, aluminium ox.de. zirconium ox.de. ceram.cs etc. Further, ,n the process of manu 
facturiS semiconductor devices, e g integrated c.rcuits. one of the process steps involves pol.sh.ng a sem.conductor 
* ««cK of dielectric, e g oxde. or meta.lic layers on the wafer In such pol.sh.ng steps use ,s made 
of I quids wTh a broad range of both acidic and basic pH values, contam.ng suspended solids known as a slurry The 
,s pa tide 'aTe typcaly fumed s,ca or fumed aluminium oxide The diameter of the particles , the slurry depends .upon 
me required smoothness of the final product. The prevailing method for planar.zmg sem.conductor wa ers ,s chem.ca, 
mechanical planarizat.on or polishing (CMP) The most common abrasive material used w.th CMP is silica 

Rec n renews of CMP^ave been publ.shed in the following .ssues of the .ournal "Solid State Technology May 
1994 oaqes26 to 31 July 1994, pages 71 to 75. October. 1994. pages 63 to 70; April 1995. pages 47 to 52. June 1995. 
,o pagesTo9 « jX 1995, pages 81 to 88 all of which are .ncorpora.ed here,n by reference In CMP. ,t « known to use 
quids Z abrasL particles in colloidal suspension, the partic.es having diameters of less than 0.5 ^ .t a ; now to 
use a slurry as polish.ng liquid having amorphous silica particles or other solids such as tungsten cab de or a uminium 
0x.de ^ suspension at concentrations of the order of 20% by we,gh, or lower The small diameter of the particles and 
2 select^ of the pH of the slurry keep the solids in suspens.cn Typically, de.on.sed water ,s used as the l.qu.d Dur- 

* !ng the pS.ng step, the pol.sh.ng ,iqu.d may become contam.nated w„h sem.conduct.ve mater.als. metals, polymers. 

"'Te^saToTthe spent slurry after pol.sh.ng ,s an environmental problem which is ga.ning in importance. Con- 
ventionally three objectives should be met in a satisfactory slurry disposal scheme neutralisation of pH o the spent 
slurry neutralisation o, oxidis.ng or reducing agents ,n the spent slurry, and removal of suspended mater.als from the 

30 A town commercially available technique for treating such fine slurries ,S ultra-f.ltrat.on Filtration of the solids in 
the spent slurry ,s extremely difficult due to the size of the particles, for which many fine or coarse filters are no. surtable 
SmeJc separation is not suitable due to the electrical surface charge on particles ,n suspension, e g in parte- 

, ^'m^o'S making use of a neutralisation step (neutralisation of pH) before removal of solids from the spent slurry 

• result fn gel formation due to agglomeration and settlement of the solids Finally, components of the spent slurry can 
mtprfere with precipitation processes used to treat spent slurry ^.^ 4r/N 

EP A 0 605 882 describes a method and apparatus for we. treatment of solid surfaces ,n wh.ch water ,s electro- 
lysJ in a ank whlh is part.t.oned by a porous membrane ,nto an anode and a cathode 
4 - f esh H* ions is produced in the anode chamber and water containing fresh OH ions ,n the cathode chamber The 
S,c a d ca h^wat are discharged separately from the electrolysis cell and used selectively to we. treat .he 
obSt concerned An electrolysis aid may be added to the water or the water may be irradiated to .mproye efficiency 

An S oVthe present invention ,s to provide an apparatus and a method for treating spent slurry from pol,sh,ng 
ooerations which avoid the problems with the prior known methods and apparatus 
,5 A fu he, object of the present invention is to provide an apparatus and a method for treating spen s u.ry rom 
chemical mechanical po..sh,ng (CMP) operations in the process of manufacture of semiconductor devices such as m.e- 

9r3t AnoZ'obiect of the present .nvent.on is to provide a method of separating out the liquid component and/or the 
abrade partSelontant of a spent polishing slurry ,n sufficient purity as to be suitable for recycling to the polishing 
50 operations, in particular CMP 

N ummary of the invention 

The present invention provides a method of separating a liquid and fine particles of abrasive materials from a spent 
« slurry horn a process of poNshmg semiconductor substrates, said slurry including the liquid and a solid content including 
at least some of the abrasive particles in suspens.on. comprising the the steps of: 

step 1 electrolytic coagulation of the solid content of said slurry, and 

step 2 separation of the coagulated solids from a recovered liquid part of the slurry 
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In accordance with the invention at least one eletrolytically soluble electrode or electronically soluble intermediate 
electrode may be used in the electrolytic coagulation step. 

The present invention also provides an apparatus for separating a liquid and fine particles of abrasive materials 
from a spent slurry from a process of polishing semiconductor substrates, said slurry including the liquid and a solid 

5 content including some of the abrasive particles in suspension comprising: an electrolysis cell including at least one 
electrode or intermediate electrode having at least electrolytically soluble parts for electrolysing and for electrocoagu- 
latmg said spent slurry, and a settling tank for separating the coagulated solids from the slurry 

The present invention includes use of an electrolytically assisted coagulation step in the separation of fine particles 
of abrasive materials from spent slurry from a process of polishing semiconductor substrates, e.g. CMP The coagula- 

w tion step may be optionally followed by flocculation. It has been determined experimentally that the method in accord- 
ance with the invention separates solids including metals in suspension from the slurry with a very high efficiency 
Further, large flows of spent slurry may be treated at high speeds. If large amounts of slurry have to be treated, sepa- 
ration of the solids may be performed by gravimetric separation, centnfugmg or conventional chamber filters. A contin- 
uous process can be achieved as a double-batch or multi -batch process using two or more reactor cells in parallel. This 

is is possible because of the high speed of the coagulation step 

Brief description of the drawings 

Figure 1 shows a schematic diagram of a slurry treatment and water and/or abrasive recycling plant in accordance 
do with the present invention; 

Figure 2 shows a schematic arrangement for batch processing in accordance with the present invention; 
Figure 3 shows a schematic diagram of a second embodiment of the present invention; and 
Figure 4 shows a graph of time versus current for an electrolysis cell reactor in accordance with the present inven- 
tion 

25 

Description of the preferred embodiments 

In the following the present invention will be described with respect to certain specific embodiments The invention 
is not limited thereto but only by the claims Further, the present invention will be described mainly with reference to 

30 CMP using silica containing polishing liquids The present invention is not limited thereto In particular, other abrasive 
materials may be used as known to a peison skilled in the art 

Fig 1 shows a schematic diagram of a slurry treatment apparatus 33 in accordance with a first embodiment of the 
present invention The necessary pumps, valves and gas extraction equipments are not shown. A CMP processing unit 
1 uses a slurry including a liquid, in particular de-ionised water, containing abrasive/polishing particles such as very fine 

35 silica to polish objects, in particular semiconductive wafers such as silicon wafers Spent slurry consists of a liquid 
phase and a solids content The solids content includes the abrasive particles of the polishing slurry and abraded mate- 
rial m particulate form removed from the semiconductor wafer, which may include metal from wiring layers, insulating 
materials such as silicon nitride and doped semiconductor material The spent slurry generally contains suspended 
matter and usually some of these particles are in colloidal suspension The original polishing slurry may contain colloids 

40 and the polishing process may act as a colloid mill to produce very fine particles in colloidal suspension from the sub- 
strate to be polished A colloid normally contains particles less than 10 micron in diameter, and CMP slurries may have 
particle diameters less than 500 nm in colloidal suspension Mechanical filters are not able to filter out such particles 
As the most common semiconductor wafer is made from silicon, the spent slurry usually contains some silica particles 
m colloidal suspension 

45 The spent slurry is discharged via conduit 2 into an electrolytic cell reactor 8 Cell reactor 8 includes at least two 
mam electrodes 9, 10 connected to respective polarities of a DC generator (not shown) In one embodiment of the 
present invention the electrodes 9, 10 are non-soluble during electrolysis. The electrodes 9. 10 may be made of graph- 
ite or stainless steel Located between the electrodes 9. 10 is at least one electrolytically soluble intermediate electrode 
11. 12 which is not connected to the DC generator The at least one intermediate electrode 11. 12 is placed between 

so the electrodes 9, 10 and is influenced by the electric current flowing in the electrolytic cell reactor 8 between the elec- 
trode 9 and the electrode 10. The intermediate soluble electrode 1 1 , 12 is preferably made of aluminium. An electrolyt- 
ically soluble electrode means in accordance with this invention that the parts of the electrode surface dissolve into 
solution in the electrolytic cell reactor 8 due to the effect of the electric current influencing the electrode. 

In a preferred embodiment of the present invention at least a part of one of the main electrodes 9, 10 connected to 

55 the DC generator is electrolytically soluble, e.g. made of aluminium In this case, intermediate electrodes 11.12 need 
not be provided. If intermediate electrodes 1 1 , 12 are used these may also be electrolytically soluble. 

To improve electrolysis an electrolysis aid may be added from a storage container 14 into the electrolysis cell reac- 
tor 8 via conduit 15 Suitable electrolysis aids may be an electrolyte such as ammonium chloride or alkali metal chlo- 
rides For instance, using aluminium electrodes 9. 10 for electrolysis, a maximum of 0.2% by weight of NH 4 CI may be 
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added to the slurry 

Dunng electrolyse it is preferable if the slurry is stirred by means of a stirrer 13 An electrode current density greater 
than 0 03 amps/cm 2 ,s preferred and more preferably in the range 0 03 to 0 2 amps/cnr. An electrode curren con- 
sumption m the range 0.1 to 2 Ah/dm', in particular 0 2 to 0 8 Ah/dm^ is preferred to complete each electrocoagulat.on 

5 ^Tne advantage of the method according to the present mvent.on is that the electrocoagulation is relatively inde- 
pendent of the pH of the spent slurry Generally, the pH may he in the range of 4 to 12 Optionally, the pH of the slurry 
may be stabilised (not shown) before entry into the electrolytic cell, but the invention is not limited thereto 

The temperature of the slurry in the electrolysis cell 8 may be raised by means of a heater 40 Raising the temper- 

ic ature may increase the rate of coagulation 

After electrolysis the partly or completely preap.ta.ed slurry ,s transferred to a settling/filtration unit VL Here the 
cleansed liquid 23 may be separated gravimetrically from the solids 24 and either recycled via conduit 27 to the CMP 
processing un.t 1 or discharged via conduit 28 into an alternative clean water system 29 In accordance with the present 
invention the recycled water after the coagulation and settling steps in the electrolytic cell 8 and the settling tank 22. 

, 5 respectively, is free of suspended matter from the polishing slurry to within parts per million of impurities Optionally the 
water discharged form the settling tank 22 may be filtered if necessary (not shown) and optionally de.onised (not 
shown) before recycling The gravimetric separation in settling tank 22 may be accelerated by centrifugmg (not shown). 
Optionally or additionally, the slurry may be actively filtered (not shown) 

To assist in the settling process in tank 22. inclined plates 32 may be provided As the coagulated sol d particles 

20 precpitate out of the solution they fall on to the plates 32 and slide downwards to the bottom of the settling tank 22 

The solids 24 are released via valve 25 and may be stored as shown schematically in 26 The solids 26 may be 
reprocessed via a reprocessing unit 31 and may be rem.xed with recycled de-ion,sed water in conduit 27 or fresh de.on- 
ised water and reintroduced into the CMP processing unit 1 

Fioure 2 shows a diagrammatic arrangement of a dual batch slurry treatment and recycling plant 35 The spent 

^ slurry from CMP unit 1 is transferred to a first of the two treatment plants 33 by opening valve 36 and the appropriate 
one of valves 37 38 and pumping a quantity of slurry required to fill the electrolysrs cell reactor 8 ,n the first trea ment 
plant 33 While the electrocoagulated slurry ,s settling in the first of the treatment plants 33. more spent slurry ,s trans- 
ferred from CMP unit 1 to the second plant 33 After settling ,n the first treatment plant 33. the cleansed water is recy- 
cled to the CMP un,t 1 and a new charge of spent slurry is transferred to the first treatment plant 33 S,m.larly after 

x settling ,n the second treatment plant 33. the clean water ,s recycled to the CMP un.t 1 The non-return valve 39 pre- 
vents flow of recycled water in the reverse direction Throughput may be increased by providing more than two treat- 

men Rgur 1 e S 3\ 3 hLTa a sc e hematic diagram of a slurry treatment and water and/or abrasive recycling plant 34 in accord- 
ance with a second embodiment of the present invention As for the first embodiment, the necessary pumps, valves and 
v gas extraction equipments are no. shown Components with the same reference numbers are the same components 
asm the first embodiment described w,th reference to F,g 1 Treatment plants 34 of the second embodiment may be 
substitute for the treatment plants 33 -n the batch processor described with reference to Fig 2 

Spent slurry from the CMP processing unit 1 is discharged v,a a conduit 2 into a first tank 3 in wh.ch the pH of the 
slurry may be stabilised by add.ng a suitable base, acid or buffer solution from container 6 via conduit 5 The slurry may 

<n be stirred bya^^^ s|urry . s {ransferred tQ , he electrolytlc cel| reador 8 Ce ll reactor 8 is as described for the first 

embodiment and is not described further here 

After electrolysis the partly or completely precipitated slurry is transferred to a tank 1 7 where it may stand to ^some 
„me to develop the prestation. Optionally, a floccu.an, may be added to tank 17 from container 
« improve the rate of flocculat-on A cat,on,c flocculant such as PK4130 Magna Floe supplied by Allied Colloids is pre- 
' (erred For instance. 0 20 PPM of cation.c flocculant may be added to the slurry in tank 1 7 If required the slurry may be 

Smr St^ S tocculaL is complete the slurry is transferred to the settlingrtiltrat.cn unit 22. Here the cleansed liquid 23 
may be separated gravimetrically from the solids 24. decanted, again filtered if necessary (not shown), optionally de.on- 

so ised (not shown) and either recycled to the CMP processing unit 1 or discharged via conduit 28 into an alternative > dean 
water system 29 The grav.metnc separation may be accelerated by centnfug.ng (not shown) Optionally or adAtonaly. 
the slurry may be actively filtered by means of a filter 30 such as Whatmann No. 4 or equivalent before the solids 24 are 
released via valve 25 and stored as shown schematically in 26 The solids 26 may be reprocessed via a reprocessing 
un,t 3 1 and may be rem.xed with recycled de-,on,sed water in conduit 27 or fresh deionised water and reintroduced into 

55 the CMP processing unit 1 

Example 

An amount of ammonium chloride representing 0 2% by weight was dissolved in 450 ml of a slurry having 67 
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mg/l.tre of suspended matter in water. The slurry was then placed ,n an electrolysis cell reactor ,n , accordance wrththe 
present invention having two flat aluminium elec.rcdes 135 mm long, 44 mm w,de and 1 .5 mm thick The ^ electrodes 
were lowered about 70 mm into the slurry and placed about 40 mm apart 34 Volts was applied to the electrodes and 
the current through the slurry was measured (see Fig. 4) The current density was about 0.061 amp/cm at the start ns- 
,nq to 0 083 amp/cm 2 at the end ot electrolys.s The first precipitation occurred after 180 seconds After 6 minutes the 
electrocoagulation was stopped and the precipitate allowed to settle The slurry was then filtered using a convention^ 
paper filter The remaining liquid was analysed and the results are given in table 1 The cathode electrode was reduced 
in weight by 0 02 and the anode by 0 04 g by the electrocoagulation step 



Table 1 



Component 


amount mg/l 


measurement 




tolerance, mg/l 


Dissolved Aluminium 


052 


0.005 


suspended matter 


10 


1 


NH 4 + 


none detected 




cr 


1360 


0.3 


Si0 2 


3.35 


0.3 



Claims 

1 Method of separating a liquid and fine particles of abrasive materials from a spent slurry from a process of polishing 
semiconductor substrates, said slurry including the liquid and a solid content including at least some of the abrasive 
particles in suspension, comprising the steps of 

step 1 electrolytic coagulation of the solid content of said slurry, and 

step 2 separation of the coagulated solids from a recovered liquid part of the slurry 

2 Method according to claim 1 . wherein the electrocoagulation step includes using at least one electrode or interme- 
diate electrode having at least a part thereof made from electrolytically soluble material 

3. Method according to claims 1 or 2. wherein the separation step includes addition of a flocculant 

4. Method according to claim 3. wherein the flocculant is a cationic flocculant 

5. Method according to any of claims 2 to 4. wherein the electrolytically soluble electrode oi intermediate electrode 
part is made of aluminium 

6. Method according to any of the preceding claims, wherein the electrolytic coagulation step includes the add.t.on of 
an electrolysis aid 

7. Method according to claim 6. wherein said electrolys.s aid is selected from a group including ammonium chlor.de. 
alkali metal chlorides and alkali earth metal chlorides 

8. Method according to any of the preceding claims, wherein the recovered liquid is recycled to the polishing process 

9. Method according to any one of the preceding claims, wherein the temperature of the slurry is raised during the 
electrocoagulation step. 

10. Method according to any of the preceding claims, wherein the polishing process is CMP 

1 1 . Method according to any of the preceding claims, wherein the solid content of the spent slurry includes solid parti- 
cles m colloidal suspension 
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1 2 Apparatus for separating a liquid and fine particles of abrasive materials from a spent slurry from a process of pol- 
' ishmg semiconductor substrates. sa.d slurry including the liquid and a solid content including some of the abrasive 
particles in suspension, comprising: 

an electrolysis cell including at least one electrode or intermediate electrode having at least electronically sol- 
uble parts for electrolysing and for electrocoagulating said spent slurry, and 
a settling tank for separating the coagulated solids from the slurry 

13. Apparatus according to claim 12. wherein said at least one electronically soluble electrode part or electronically 
w soluble intermediate electrode part is made of aluminium 

14. Apparatus in accordance with any of the previous claims, further comprising means for adding a flocculant to the 
electrolysed spent slurry 

,s 1 5. Apparatus according to any of the preceding claims, including means for the addition of an electrolysis aid to the 
electrolysis cell 

16. Apparatus according to any of the preceding claims, including means to recycle liquid recovered from the settling 
tank to the polishing process. 

17. Use of an electronically assisted coagulation step in the separation of fine particles of abrasive materials from 
spent slurry from a process of polishing semiconductor substrates such as CMP 
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